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tir. Lester F. Meyer

Pelaware Division of Environmental Control
Water Pollution Section

Tatnall Building

Dover, Delaware 19901

Dear Duffy:

Enclosed is a cony of our latest report on the ground water
pollution sltuation &t the Llangollen Landfill in New Costle County.
“proposed vork outlined at the end of the report will begin the

uf Januvary 15th with drilling and testing of potential leachate
1coavery wells between the landfill and the Artesien Water Company
viell Tield, Flease do not hesitate to contact me with your comments,

Sincerely yours,

o,
/Llé '/L (’

Micheel A, Apgar

P,S, | have also attached @ tabulation of our water analyses results
on the samples you collected at Llangollen with Roger Gresh and
wrk Horner on Decerber 19th, Mells DC 1h=13 and DC 200 are
observalion wells boltanging to,fmoce Chemical Cornapatian,
Their locations are shown on Fiqure 3 of the enclosed report,
Neither wioll had been previously sanoled, and | understand that
you had to rush your samples back to the lab and were not
present when the two wells were pumped late that of ternoon,
¥el)l =13 is uncontaminated, because it §s probably not in the
leachate flowpath and also becouse it 08 screened in a relatively
clayey unit along which leachate would proboebly not have Tnvaded anyway,

Well 266 is slightly contaminated~-~cither by the Llangollen Landlil]
or the boltware Sond and Gravel Co. fitl, If from Llanyollen, con-
taminants have moved at least 2000 i, through the subsurface to date,

| vould oppreciate recciving copies of your analytical results on the
other vater sawples collected that day, | will need permits Tor the

proposcd violls to be deilled next vecek, 1 owill be irnrfyx]:" Mibh
you in o foe doys vien the crccl ctorting date for i \in~ 5 h

firmed up,




ORIGINAL
(Red)

Roy F. Veston Results of Analyses on Mater Samples
Collected Jointly With DEC on December 19, 1672,
From Wells in the Vicinity of the Llangollen Landfitl:

Speciflc
Conductance
Vell Temperature (umhos/cm) €1 (ppm) Comments

Robelens 61 69 Clear, odorless
1A 57 90 Clear, odorless

i 61 Slightly turbid,
(milky) and
foul odor

De 1413 Slightly turbid
odorless

De 2h-6 y Gray-brown tinge
with slight
turbidity, slight
orgonic (oily) odor

AR100005




A AU S R A U TN ORIGINAL
‘ - (Red) .

T S S S S (P O (IO P R TN

Lodanuery 1073 A

1
Q. PV £ N T R el tevtiol

. . i - . '
: Yoo Euitiiae
0 i A P U

TR TN

[restesod de oorony o Llengstlon
i asver e ol wen Gl St
. crtinehe o gl e
: s
Tl etion Do the Corborfven e test dii sy project which
o e Ine i yeat G e i ke 19y s being 1y
. ¥ cond roenrt dnuia o the saroef contirination in b
Cea o A Oy b o e e e F conte abnant poe oot ol
| O AT deinin reand i cajor pa o
adles e e e T e e of G reeated o
(R L T PO oo aiianbeg e r pacavery bl
N I N T S " [
Sincorily yours,
- " t
Y. .
t { te

Wh:edh .

[N1TN



N’

GROVAD WATER CORT/MINATION ASSOCIATED WITH THE
LLARIOLLEN LANDEICL, NEW CASTLE COUNTY, DOLAWARE

. ORIGINAL
EXTENT OF CONTAMINATION AND PROPOSCO CORRECTIVE PROCCOURES (Red)

JANUARY 1973

The Llangotlen Landf1)] was constructed from 1960 to 1968 in o depleted sand
and gravel quarry, The Yandfill is approximately 4400 feet long, 250 to 900
feet wide and 30 to 50 feet thick, The location of the landf111 is shown in

Figure |,

Hydrogeologic Setting

The sand excavated from the quarry was Pleistocene age, In the Llanqollen area
these sands, known as the Columbia Formation, form a neerly continuous surficial
cover up to 60 feet in thickness, The base of the formation ranges f{rom about

10 feet above to 20 fect below mean sea level in the vicinity of the landfill,

The underlying Potomoc Formation consists of stream~deposited unconsolidated

.shnds, silts and clays of Lower Cretaccous Age, The sand units are channel-
shaped, with extensive interbedded lenses of clay and silt which accunulated on
ancient floodplains. The Potoumac Formation thickens and dips towards the southeast
at approximately 40 to 150 fect per mile {uppermost and lowermost heds respect-

ively) in the study area,

Pvdrologically the gencrally cocrne Columbia deposits serve as an infiltration
et resbarge aallery for the Potomec sands:  Ground water in the Potomac sands
becomes confined (artesion) benceth relatively impermeahle beds of clay and silt
as It travels scaward down dip in the formation, The approximate thickness of
the Petomac confining units imacdiately beneath the Columbia sonds are shown in
figure 2, Immediately beneath the landfill these clay and silt depusiis are

shallow, thin or=~in the arca ofl Lhe southeast corner of the fill--absent,

Landf i1} construction in the open pit procecded from cast to west. Refuse
cgvcring oparations were conducted by the quarry operator, using the quarrying
cquipment which was alrcady on the site, Nearty all intermittent cover material
wirs cbtained within the pit from veste piles and siltation basiny,  As time pro-
yressed, cover sateriel ard Tandfill spoce becane eritically dr~;\lcﬁn@-}-00imlal]on
vhich encouraced decper erzavation on the wastern end of the rit, This excavation

removed st esced ino e fow rlar «oprobally o) le=0f the candfining clay on top of
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the Potomac sends,  Such conditions permitted direct access to the Potomac

sands by leachate from the landfill.

Ground Water Movement
Under natural conditions, water entered the Potomac sands where they subcropped

beneath the permeable Pleistocene sediments. This water moved slowly downdip

In the formation to be discharged to the Delaware Estuary or Atlantic Ocean by
vérLical leakage, However, the rate of ground water movement has been greatly
accelerated locally by heavy pumpage by the Amoco Chemical Corporation

(about 2.5 mgd) and the Artesian Water Company (about 4.5 mgd). The locations

of both these well fields are shown on Figure 3.

tn August and Seotember, 1972, 10 test wells were drilled to different depths
at b locations in the vicinity of the lendfill, During October and Huvember,

QU e el test borings viere mode and completed with piezometers for water ,,'

deve omeasurement, A generalized piczometric map of the Potomac sands utilizing

Yata from measurements made in these wells and a few industrial observation
wells In September and fece=tr, 1972, and the major production wells in
September is showm in Figure 3. The theoretical direetion of ground water
movement (shown on the figure) is perpendicular to the pieromelric contours.
However, fn actuality, ground water will Lend to move along the sand and
gravel=filled channels-=avenues slong which the permeability is greatest,
Unfortunately, both the piczometric qradient end the permeshle channels trend

owerds the high capactiy pumping wells, .

The average rate of movewent of & slug of water through the aquifer, can be
approrimated by the erpression:
(M v=Kl,
vhere V = average apparent velocity
K= coefficient of permeability of Lhe media
I = hydraulic gradient
The maximum coefficient of permeablility along the Potomec channel deposits |s

prubably on the order of 1000 gnd/f42 (the permeability of a clean, {ine gravel),

AR100010
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The piezowetric gradient increases towards the pumping wells such that the

velocity of a slug of watgr will increase as the wells are approached,

The approsimate time required for water to move along its flow path can be

colculated from the equation:

(2) =,
where t = trovel time
d = length of flowpath
v = average apparent velocity

Approximate flow velocities and travel times of ground water moving from the
landfi1) to major pumping wells are )isted in Table 1. These values have
been calculated from Fauations 1 and 2 (above) assuming a constant coefficient

of permeability of 1000 gpd/flz.

Theow tecults represent raximes around water velocities and minimum trave!

times,  Actual rates of flow will be lower where the permeability of the
wnconsolidated media is less than 1000 gpd/flz. The coefficlents of permeability
of most of the sand encountered during test drilling is estimated at closer lo
500 gpd/flz, although some gravels had K's of at least 1000 gpd/flz.

Contaminants from the lendfill which enter the aquifer will move most rapidly
along the coarsest depesits, while simultancously spreading throughout the less

permeable sections of the aquifer.

nhe calculations indicete thot contaminants leached Trom the landfil) would

reach fmaco Well Pu=2 in six ond o half years, This well has been in production
slnce 1962 so that the gradient between the well and the landfil) has probably
existed similar to the present situation {or more than the calculated travel tlme,
Thus, 1f the assumptions behind the calculations are correct, contaminants should
already have reached the well, However, contaminent travel may hove been retarded
by sands of relatively tow permeahility and/or the absence of a direct channel
connection between the sends underlying the landfill and those from which water

s belng withdravn, In addition, fresh recharge could gain access to the

Potomac sands midway along the flowpath in the areo where the conlining beds

ARI00012
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TABLE 1 ESTIMATED GROUND WATER VELOCITIES AND TRAVEL TIMES BETWECN THE

LLANGOLLEN LANDFILL AND MAJOR PRODUCTION WELLS IN THE VICINITY

)

Landfi11 to Asoco Chemical Corp, well PW=2 (Flowpath Length = 3360 ft,):

Flowpath Section | Averaae V Average (T1/d), Approximate U (Days)

Landf i1~ 960" 013 1.73 555
960'~2400" L01h 1.86 77h
2hAp g in 021 2.80 171

IR L .02 5,60 I3 e
S, te3360! ,083 11,0 27

. 1565d=h,29 yrs.

"o Landfill to Artesian Well Co, Well £-2 (Flowpath Length = 3350 ft,)

Flowpath Scction | _hveraae V hverace (ft/d) Approximate L (Days)
Landfill~ 720 .007 0,93 774
720" ~1360" L0068 107 598
1360'-1920" ,0c9 1,20 LGy
1920'-~2720! 013 1,73 L62
.« , 27701 =3000" 036 &0 58
2 =350 087 6.93 17
T 31501 ~3350" .100 13.3 15

23916=6,55 yrs,

Landfill to Artesian Well Co, Mell #7 (Flowpath Lenath = 3000 ft,):
Flowpath Section [_Mverane V Average ((t/d) fpproximate t (Days)
Landf 111-1050" ,008 1,07 981

10501 ~2100" 010 1.33 789

2100 ~2800" 014 1.6 374

287913000 .033 b ho I

7169d=6.00 yrs.,

AR100013
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are absent, thus improving the quality of water reeching the well, At presant,
some of this arca has been covered by the Deleware Sand & Gravel Company

landf 11 (which can be eXpected to contribute contaminoants to the Potomac aquifer),

The Artesian Water Company has operated large capacity wells at Llangollen

Estates since 1953, gradually expanding the number of wells and amount of

pumpage to present., Well 7 was constructed on the eastern edge of the old

well ficld in 1969, it is the only w21l in the old well field stili in

regular use. The other old wells were replaced by the new vell field (including"‘
Well £-2) to the cast which went into service In 1971, Thus, the steep

plezometric gradients towards these wells are a recent development, and projected

contaminant travel times must be extended Lo account for this condition,

Fxtent of Ground Mater Contomination

e rovirate extent of contamination in the landf111 vicinity has been
dit -cined on the basis of analysls of water samples collected from virtually 7/
%Il of the wells in the landfill vicinity in August and September, 1972 and

Latcr quality interpretations of geophysical logs run in the test borings

during Cctober and Hovember, 1972, The results of water analyses are listed in
Table 2. Landfil] leachate had affected some well waters mainly as objectionable
taste and odor with only slight increases in dissolved solids and dissolved
oxidizable material, while in a few cases, dissolved solids and chemical oxygen
demand were extremely high and odor wos overpovering.

. .
lucotivmy where ground water contomination has been proven or is suspected

afe shown in Figure 3. The figure indicetes that contaminants have, in certain

ploces, already travelled past the test holes most aistant from the landfil],

It Is estimated that contaminants may be about 2000 feet along the flowpath to
Artesian Water Company Well -2, {f so, the contaminants can be expected to
reach the well within 400-500 doys., Contominants may also have moved more than
2000 feet from the landfill post the Reni well, bul reference to the plezomelric

mep makes it appear that this material is also moving Lowards the new well field,

ARI00OIL
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PROPOSED_CORRFCTIVE PROCEDURLS (Red)

The present high rate of leachate generation and migration from the Llangollen
Lanofil) must be curtailed immediately. The longer correclive procedures are
delayed, the greater the quantity of Jeachate which must Le recovered and
treated and the greater the volume of aquifer contaminated--and the greater ..
the expense. Thus, starting in January, 1973, we propose to conduct the .
following work:
1. Drill 4 wells into the landfill to monitor and control
water levels in the refuse.
2, Drill 3 test borings north of the landfill and install
piezometers to monitor water levels in the Pleistocene
sands ond the piezometric heads in the Potomac aquifer,
Drill & wells immodi&tely south of the landfill to recover
leachate from the Potomac Formation which is still close to
and concentrated {rom the landfill,
Drill & wells at the expected furthest extent of leachate
movement towards the Artesian Water Co. well fields for

contaminant monitoring and/or recovery,

The locations of all the proposed wells and test borings are shown on Figure 3

These wells will be pump tested to determine aquifer characteristics and water

quality, Wells which can recover contaminants from the aquifer will be
designated for that purpose-=plans for the disposal of recovered contaminants

to be developed when the picture becomes clearer,
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<Ne contamination has been positively identitied off the western end of the

Jandfi11,  Hopeiully, the confining beds have not been bLreached beneath this
part of the landfill, and the aquifer will not become contazinated here. Perhaps
the Artesian old well field (Well #7) will not be contaminated--at least as long

as the new well field continues to withdrow larger quantitices of water,

Distributing the present rate of pumpage over a wider arca could reduce the
hydraullc gradient-~and rate of contaminant movement--towards the new well fleld)
This could be accomplished by putting a well at the western end of the old well
field {perhaps well #2) back into production while cutting back on the pumplng
rates of Wells E-2 and k-], Although this would allow more time for contaminant
Interception, such a procedure would result in contaminotion of a broader portion

of the aquifer than is expected under present conditions,

Amoco Well PV=2 has higher than background concentrations of chloride and

chemical orygen demand, These parameters, while not present in sufficient
concentrations to be troublesome may have originated at the land(ill, Water
quality in this well is expected to deterforate, especially because (w5 previously
mentioned) leachate from the Delaware Send and Gravel Co, should enter the sandy

part of the aquifer, which once served as an inflltration gallery for fresh recharge,
.




